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RESULTS OF INVESTIGATIONS (0A20A) 

ON AN 0.015-SCALE 140A/B CONFIGURATION 
SPACE SHUTTLE VEHICLE ORBITER MODEL 
IN THE NASA/LANGLEY RESEARCH CENTER 
UNITARY PLAN WIND TUNNEL 

By 

M. E. Nichols, Rockwell International 
ABSTRACT 

This report documents data obtained from a wind tunnel test of an 
O.Ol 5-scale 140A/B configuration SSV Orbiter model in the NASA/Langley 
Research Center Unitary Plan Wind Tunnel. This test was conducted begin- 
ning 10 September 1973, with runs at Mach numbers of 2.5, 3.9, and 4.6 
for a constant Reynolds number of 2.5 x 10 6 /foot. Only one model config- 
uration, the complete 140A/B Orbiter vehicle, was investigated; various 
control -surface settings were run through angles-of-attack from -4 to +42 
degrees at 0 and +3 degrees of yaw and through angles-of-sidesl ip from -4 
to +6 degrees at 0, +10, +20, and +30 degrees pitch. 

The purpose of this test was to establish and verify longitudinal 
and lateral-directional stability and control characteristics for the 
updated SSV configuration. 
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NOMENCLATURE 

General 


SYMBOL 

SADSAC 

SYMBOL 

DEFINITION 

G 


speed of sound; m/sec, ft/sec 

C P 

CP 

pressure coefficient; (j^ - p m )/q 

M 

MACH 

Mach number; V/a 

P 


pressure; N/m 2 , psf 

q 

Q(NSM) 

Q(PSF) 

dynamic pressure; l/PpV 2 , N/m 2 , psf 

rn/l 

rn/l 

unit Reynolds number; per m, per ft 

V 


velocity; m/sec, ft/sec 

a 

ALPHA 

angle of attack, degrees 

0 

BETA 

angle of sideslip, degrees 

* 

PSI 

angle of yaw, degrees 

<t> 

PHI 

angle of roll, degrees 

P 


mass density; kg/m^, slugs/ft 3 



Reference & C.G. Definitions 

Ab . 


base area; ra 2 , ft 2 

b 

BREF 

wing span or reference span; m, ft 

c.g. 


center of gravity 

4ef 

c 

LREF 

reference length or ving mean 
aerodynamic chord; m, ft 

S 

SREF 

wing area or reference area; m 2 , ft c 


MRP 

moment reference point 

*CG 

XMR? 

moment reference point on X axis 

y C g 

YMRP 

moment reference point on Y axis 

Z CG 

ZMRP 

moment reference point on Z axis 

SUBSCRIPTS 

b 

1 

s 

t 

CO 


base 

local 

static conditions 
total conditions 
free stream 


1» 


NOMmCIjAUfRK ( Conti nu<\i ) 
Body - Axl ;? tern 


CYMPOL 

C N 

C A 

C Y 

[ A b 
°Af 


C l 


fvtfJCAC 

SYMBOL 

CN 

CA 

CY 

CAB 

CAF 

cm 

CYN 

iT'Tj 


BKFINTTION 


normal - foro** roid* firi’T.t; 


normal foroo 


axi.a 1- fonv i *ooffi oiont. : liilkili. ^2£i!£l 

aide -for a* oooff Loiont: H ijlL 12££11 

banc -Tor •” oofffi oiont: A- or : 

q:' 

_A b(l'L' ' 


forobod;. axial foroo oooffioiont, 

nitahli..- -moment; oooffioiop.t ; pitching monont 

a/-;y 


yawing -mom« ait. oooffioiont: i 


yawim; moinont 


b’b 


roll in ^-monont oooffioiont: r .°.^4 f.lLa 'll!:. 

i.’b 


eta M 1 i ty - Ax .La „ 'y . : tom 


lift oooffioiont; 


. lift 


v n 

av 

C Y 

c.„ 


COB 

CPK 

CY 


dm,- .•o.-fdi'l- nt: 


. bao.o dr* a' 


tv i no - dr. a, q ooof f loiont : 


fort 'body draq oooffio ion t ; fp - fj^ 


• ido - f or » a * ooof fir iont: 


Udo for at 


pi t,-h!n.-mownt .wmcl.-n* : 

' v h>v 


0 

11 

CBN 

viw ooi'i* t’Oli'tP.: 0 ~ l n f - " lom< n! 

iPb 


vvr, 

roll Inr.-wnt 

b’b 

L/n 

L/n 

1 Lft-to-draq ratio; Cj/Cp 

L/n f 

I./DK 

.Lift to I’ort'body drag ratio; 


5 


NOMENCLATURE (Concluded) 
ADDITIONS TO STANDARD LIST 


SYMBOL 

SADSAC 

SYMBOL 

DEFINITION 

c *sc 

CASC 

Sting-cavity axial force coefficient 

Cp B 

CPB 

Base pressure coefficient 

Cp sc 

CPSC 

Sting-cavity pressure coefficient 

X C p/ HB 

XCP/L 

Normal force center-of-pressure 

PT 

PT 

Freestream total pressure, PSF 

p 

P 

Freestream static pressure, PSF 

Tt 

TT 

Freestream total temperature, °R 

{ E 

ELEVON 

Elevon deflection, degrees 

fi A 

AILRON 

Aileron deflection, degrees 

6 bf 

BDFLAP 

Bodyflap deflection, degrees 

6 SB 

SPDBRK 

Speedbrake deflection, degrees 

lS R 

RUDDER 

Rudder deflection, degrees 


CONFIGURATION INVESTIGATED 


Throughout test OA20A the full 140A/B hybrid configuration Space 
Shuttle Vehicle Orbiter was used. No configuration buildup was possible 
in the short test period. 

Model (49-0) dimensional data are given for the 140A/B configuration 
components in another section of this report. 

The tested configuration included the following components: 

B 26 Basic 140A/B configuration fuselage 

Cg Basic 140A/B configuration canopy 

F 7 Basic 140A/B configuration bodyflap 

M 7 Basic 140A/B configuration OMS/RCS pods 

N 28 Basic 140A/ ' configuration OMS engine nozzles 
W-| 1 5 Basic 140A/B configuration wing 

E 26 Basic 140A/B configuration elevons for 

Vg Basic 140A/B configuration vertical tail 

R 5 Basic 140A/B configuration rudder for Vg 


TEST FACILITY DESCRIPTION 


The NASA LRC 4-foot Unitary Plan Wind Tunnel (UPWT) is a closed- 
circuit, continuous flow, variable density facility. The test section is 
4 feet by 4 feet by 7 feet long. 

Two tunnel legs are available for supersonic testing in the Mach 
number ranges 1.47 to 2.86 (Leg No. 1) and 2.29 to 4.63 (Leg No. 2) Leg 
No. 2 was used for this test. An asymmetric, sliding block nozzle 
position and total pressure >etting provide the test Mach numbers at a 
specified Reynolds number. Reynolds number can be varied from 0.76 to 
7.78 million per foot. Available stagnation pressure variation is 4.0 
to 142. psia. Dynamic pressure variation is 9t>. to 1260. psf with normal 
operating stagnation temperature about 1 50” F in Mach modes 2 or 3 and 
about 175°F in Mach mode 4. The tunnel is equipped with a dry air supply, 
an evacuating system, and a cooling system. The facility power is approx- 
imately 83,000 horsepower. 

Model mounting provisions consist of various sting arrangements, 
including axial (longitudinal), lateral (independent pitch and yaw), and 
roll movement with side wall support. A Schlieren system and oil flow 
visualization equipment art* available. Data are recorded at the tunnel 
and reduced off-line at the Langley Computer Center. The tr.inel is used 
for force and moment, pressure, and dynamic stability tests. Hot and 
cold jet effects and heat transfer have been studied in the UPWT. 


DATA REDUCTION 


Force and moment data are reduced to coefficient form in both body 
and stability axis systems. Base and cavity pressure adjustments are 
applied. 

Base Pressure Coefficient 

P R - Poo P B F A B F + P B M A B M 

CPB = > where P g - ^ 'Ob^ 


Sting-Cavity Pressure Coefficient 


nriCr P SC - P», where P sc is sting-cavity pressure 
CP5C - 


Sting-Cavity Axial-Force Coefficient 


CW - _(Psc " Pb) AsC « where Asc is stin 9- cavit y area and 
L Sw S w is the wing reference area 

Fuselage Base Axial-Force Coefficient 

CAB = - CPB W ^PSCj ^cj. } where Ag = a Bf + A Bm 

For ebody Axial -Force Coefficient 
CAF = CA - CAB 

Nor mal -F orce Center of Pressure 

yrP/ , _ XC6 . CLM (c w ) 

XCP/L " w cn jm 

Where X C q is the longitudinal distance from the model nose to the 
Moment Reference Center, CLM is the pitching moment coefficient, CN is 
the normal force coefficient, *B is the reference body length, and c w 
the mean aerodynamic chord of the wing. 


REFERENCE DIMENSIONS AND CONSTANTS 


Symbol 

Definition 

Value 


a b f 

Fuselage base area (excluding cavity) 

0.0414 

Ft 2 

% 

Base area of OMS pods 

0.0201 

Ft 2 

A sc 

Sting-cavity area 

0.03409 

Ft 2 

bw 

Reference wing span 

1.171 

Ft 

c w 

Reference MAC 

0.5935 

Ft 

J.B 

Reference body length 

1.616 

Ft 

S w 

Reference wing area 

0.60525 

Ft 2 

X CG 

Longitudinal length, nose to 
Moment Reference Center 

12.774 

in. 

ycg 

Lateral length, plane of symmetry 
to Moment Reference Center 

0.000 

in . 

Z CG 

Vertical length, FRP to Moment 
Reference Center 

0.375 

in. 

a B 

Base area (Ag r + Ap M ) 

0.0615 

Ft 2 
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MODCL COMPONENT: BODY - 

GENERAL DESCRIPTION: Configuration 140A/B Or bit er Fu selage 

NOTR : Bn,, iJontic.il to 1V\< ex e opt underside o<* fusel, u-e :vu: • red to 

accept K ll6 . 


Model Seale - 0.015 MODEL DRAWING NO. SS-A00147 


Vl.70-0001'. 1 S 

DRAW ING NUMBER : VL7Q-ootM i:i.\ 


DIME NSIONS: 


run. ••SCALE MODEL SC AIT 


Length (Body ivd st.i X, - 035) ■ ' li - ]JC23«.2 

Max. Width (at X 0 * 1W0) • in. :v > -° 

Max. Depth (at x 0 l-u-n - m. 

Fineness. Ratio 0,2£-.1 r C.’ 

Area - i t 2 

Max. Cross-Sectional >10. ss-u> ; 

Planform 


19.400 

3-93 

3J2 



0.07070 __ 


Wetted 



MODEL COMPONENT: 

::o:-v - r* 0 : 

GENERAL DESCRIPTION: 

Configuration lUOA/B Orbiter Fuselage Canopy 



Model Gcaie - 0.015 

Model Drawing No. SS-A00147 

DRAWING NUMBER 

71.70 -00014C A 
V1.70-G^'0/.?.\ 


DIMENSION: 


FULL SCALE MODFL SCALE 


Length (>' c r -L34. i’A3 tc 6?C) 
Max Width (. X 0 r -5i3.i27) 
Max Depth ( ■ X c : -V ; 5.0) 

Fineness Ratio 
Area 


235.357 
] 52. /- 1 2 
25. COO 


3- 53Q 


2,206 


0-375 


Max Cross-Sectional 

Planform 

Wotted 





MODEL COMPONENT: QMS P ODS- My 

GENERAL DESCRIPTION: Configu ratio n i 40a/B Orbiter OMS-Pods 


MODEL SCALE: 0.015 

Model Drawing No. 

SS-A00147 

vl7o-oooi4oa 

DRAWING NUMBER: VL70-000145 

DIMENSIONS: 

FULL SCALE 

MODEL SCALE 

Length (OMS Fwd Sta Xq * 1233-0) - IN. 

327-000 

fr-995 

Max Width (@ Xq = 1450. 0) - IN. 

94.5 

1.418 

Max. Depth (@ Xq = 1493-0) - IN. 

109 -COO 

1-635 

Area 

Max Max Cross-Sectiona] 
Planform 




Wetted 


MODEL COMPONENT: QMS Nozzles (Npfl) 

GENERAL DESCRIPTION: Configuration 11*0 A/B Orbiter QMS Nozzles 


MODEL SCALE: 0.015 

DRAWING NO.: VL70-000140A 

DIMENSIONS : 

Mach No. 

Length in. 

Gimbal Point to Exit Plane 
Throat to Exit plane 
Diameter ^ in. 

Exit 
Throat 
Inlet 
Area ~ f t^ 

Exit 

Throat 

Gimbal Point (Station)^ in. 

X 

Y 

Z 

Null Position deg. 

Pitch 

Yaw (Outboard) 


Model Drawing No. SS-A00147 


FULL SCALE 


1318.0 
+ 88.0 
492.0 

15° 49 1 
12° 17' 


MODEL SCALE 


22.77 

l-3g_ 

7.38 

15° jfll 

12° 17' 
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MODEL COMPONENT: WING-W u6 

TENERA. DESCRIPTION : Conflr.urr.tlor' iUoa/h Orbiter Wing 

-Ji2I£i — I gS S& SaL i? . Km . eXCCl>.t-alrrPil tfrlcfrnaaa. Dihedral *i- u r1r. is pl^n ? 


trailing edy;e of w-fn^. 


JKBH»,SCAtE; , .0,015 
TEST NO. 

DIMENSIONS: 


TOTAL DATA 

Area (Theo.) Ft z 
PI an form 
Span (Theo In, 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords : 

Root (Theo) B. P.0.0. 

Tip, (Theo) B.P. 

MAC 

Fus. Sta. of .25 MAC 
- W.P. of .25 MAC 
3.L. of .25 MAC 
EXPOSED DATA 2 

Area (Theo ) Ft 4 

Span, (Theo) In. BP108 
Aspect Ratio 
Taper Ratio 
Chords 

Root BP108 
Tip 1.00 b 
J 

MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

Root b ■ 

7 

Tip b - 

7 

Data fcr (1) of (2) Sides 
Leading Edge Cuff ? 

Planform Area F t c 

Leading Edge Intersects Fus M. L. 0 Sta 
Leading Edge Intersects Wing 0 Sta 


Lb 


Model Drawing No. 3S-A001L8 


71.70 -OGOlltOB 
DWG. N0.vi.7rt- 1 vvpwvi 


FULL-SCALE 


MODEL SCALE 


:G c K>.QO 


.—2*265 
—1.177. 
■ -■Q.2QQ 
— 4,,5qo. 

- -Q_,5QQ 
t 4.0D3- 


Jim 
.,2.265 
-1*177. 
— Q.2QQ.,. 
- 3-500- 
-0*500- 
t.,4.noo 


4s-no. .. w 

10*056. ■ mlQ 

25*208- • - 35 2Q» 


-653*2428., ■ ...IQ,, 449 

-Q37.fi4flfi , — 2*065 

■■474.6117-. Z*222. 

11 Mi. 7b 1 .-1L.Q51 

-231*00 -4.465 

-J6£*33Jt8L- 2*510. 


1512*2205 . — Q.408 
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